Principles: Chronic obstructive pulmonary disease (COPD) is a major burden on patients and healthcare systems. Diagnosis and the management of COPD are often administered by general practitioners (GPs). This analysis investigated the adherence of GPs in Switzerland to the Global Initiative for Chronic Obstructive Lung Diseases (GOLD) guidelines.
Introduction
Chronic obstructive pulmonary disease (COPD), a common disease frequently associated with pulmonary and extra-pulmonary co-morbidities, is an increasing cause of morbidity and mortality in contrast to some other major chronic diseases, such as coronary artery disease for which the mortality rate has been declining in developed countries [1] . The Global Burden of Disease studies predicted that COPD will be the third most common cause of death and the fourth most common cause of morbidity by 2020 [2] .
In response to the increasing burden, the Global Initiative for Chronic Obstructive Lung Diseases (GOLD) was developed to increase awareness and decrease morbidity and mortality from COPD [3] . GOLD aims to improve prevention and management of COPD through a concerted worldwide effort of people involved in all facets of healthcare, and published guidance [3] .
GOLD defines COPD as a disorder characterised by expiratory airflow limitation that is not fully reversible, is usually progressive and is associated with an abnormal inflammatory response of the lungs to noxious particles or gases [3] . In nine out of 10 cases, COPD is associated with extensive cigarette smoking and is most often seen in patients older than 40 years [4] . However, diagnosis of COPD can be difficult and requires confirmation by spirometry [3] .
Although a serious burden, COPD is under-and misdiagnosed in primary care, which likely contributes to the increase in prevalence, morbidity and mortality associated with this disease [5] . This is unfortunate because COPD progression can be stopped or slowed by smoking cessation, especially in the early stages of disease, and symptoms can be treated effectively [6] . One reason for the difficulty in correctly diagnosing COPD in primary care may be that disease-related impairment is often not noticed until the more advanced stages of the disease. In addition, spirometry is not performed on a routine basis in primary care and questionnaire-based medical history is inferior to spirometry for the identification of patients with COPD [7] .
Accurate data on the prevalence of COPD is dependent on the diagnosis of COPD within primary care. In the past, patients at risk of developing COPD were not referred to specialist care as often as patients with other chronic conditions, such as diabetes or chronic heart disease. Up-to-date epidemiological data on the diagnosis and treatment of COPD should therefore be obtained in the affected countries [8] .
We have developed an ongoing, questionnaire-based study designed to survey the standard of diagnosis of COPD by general practitioners (GPs) and the effect of prescriptions on the clinical course of COPD in patients seen by GPs in Switzerland. Frequent GP practice-based spirometry was required in the protocol of the study. We report here analysis of the baseline data with particular respect to adherence to the GOLD guidance on diagnosis of COPD and treatment recommendations.
Material and methods
A generic invitation letter to participate in the study was sent to 225 GPs in 23 Swiss cantons (see Acknowledgements). A total of 139 GPs agreed to participate, which represents 4% of the 3512 GPs listed on the register maintained by the Swiss Medical Association (FMH) [9] . 85% of the participating GPs recruited 2-20 patients. 15% recruited only one patient. The study was approved by the ethics committee for each canton and all patients included provided written documentation of informed consent. The study began in January 2007.
GPs were asked to recruit COPD patients for an initial study examination (baseline) and then for re-examination at 3-month intervals over a total period of 24 months. Information from patients' notes and interviews on past symptoms and treatment were recorded by GPs at the baseline visit using a standardised questionnaire. At each visit, the patient was clinically examined by the GP who recorded symptoms, comorbidities and treatment.
Patients were asked to perform post-bronchodilatator spirometry at least every 6 months. Data collected are summarised in table 1. Data was entered into an online database either directly by GPs or by the study team after receiving data from physicians by facsimile transmission.
Spirometry
Spirometry was performed using an EasyOne™ spirometer (n.d.d. Medizintechnik AG, Zürich, Switzerland). Before starting the study, GPs were instructed on how to perform spirometry according to the American Thoracic Society guidelines [10] by representatives of the spirometer sales company. The EasyOne™ spirometer used ultrasonic time measurement technology with integrated software for quality control and feedback for the examiner [11] . All spirometries were performed in a seated position using a disposable mouthpiece and required the use of a nose clip. The reference values by Brändli et al. (Swiss study on Air Pollution and Lung Diseases in Adults [SAPALDIA]) were used for predicted values [12] .
Assessment of severity of COPD
Severity of COPD was assessed centrally by the investigators at the University Hospital Basel. Spirometry data provided by the GPs were interpreted according to the criteria of the GOLD committee [5] . According to the GOLD criteria, airway obstruction was defined as having a forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) <70% [13] . Severity classes are as follows: 
Comparison of prescribed medication with recommendations of GOLD
We compared the use of bronchodilators and inhaled corticosteroids (ICS) currently prescribed to patients with assumed COPD, with that recommended by the GOLD guidelines [6] according to the GOLD severity of COPD grades assigned following confirmation of COPD through spirometry (as described above). GOLD recommends that short-acting bronchodilators should be prescribed for all severities of COPD, if required. Long-acting bronchodilators should be reserved for prescription to those with COPD of GOLD stage II or worse, if required. Similarly, prescription of ICS (whether alone or in combination with a long-acting bronchodilator) should be reserved for GOLD stage III and IV, if the patient experiences repeated exacerbations. GPs were not coached on prescribing treatment adhering to the GOLD guidelines as part of this study. Data were analysed according to appropriate prescription of long-acting bronchodilators and ICS recommended by the GOLD guidelines. Acceptable prescription was assumed if the prescribed medication could not be shown to differ from prescription recommendations in the GOLD guidelines. Non-conformity was defined as prescriptions that varied from the recommended prescription of long-acting bronchodilators and ICS medications. Since prescription of ICS for co-morbid asthma could confound the analysis for GOLD stages I and II, data were also analysed considering use of ICS as acceptable for these patients and they were not counted as non-conformity to the GOLD guidelines.
Statistical analysis
The current analysis was on data from the baseline visit for patients for whom baseline spirometry data were available. Continuous variables are expressed as means (± standard deviation [SD] ) and categorical variables are demonstrated as relative frequencies and percentages. Comparisons were made using cross-tabulation for categorical data and summary statistics for metric data. Analyses were performed using the R version 2.7.1 software (R Development Core Team-2008. R: A language and environment for statistical computing).
Results

Demographic and lung function characteristics
At the time of this analysis, 615 patients (64% male, mean age 69 years) had data available from the baseline visit that included spirometry. Table 2 shows the demographic and lung function characteristics of these patients according to COPD severity, assigned centrally according to GOLD severity classifications. Of the COPD patients originally diagnosed with COPD, 44% did not fulfil GOLD criteria for COPD. The majority of the remaining 56% of COPD patients had moderate to severe COPD (GOLD II or III).
Exacerbations
From all patients included in this analysis, 23% experienced an exacerbation requiring pharmacological treatment in the 3 months prior to the baseline visit as determined by GPs (table 3) . This percentage increased to 25% if only those patients who fulfilled GOLD spirometry criteria for COPD were considered. The need for treatment of an exacerbation increased with the severity of COPD. In total, 31% of GOLD stage IV patients had needed treatment for an exacerbation, compared with 10% of the GOLD stage I patients. Among those requiring treatment for an exacerbation, 80% of GOLD stage IV patients required systemic steroids, compared with 33% of GOLD stage I patients. GPs also noted symptoms indicative of an exacerbation (table 3) . Of these worsening symptoms, an increase in dyspnoea and/or sputum was more common than discoloured sputum, irrespective of whether a diagnosis of COPD was confirmed by spirometry. Table 4 lists the number of patients who received non-pharmacological and pharmacological treatment, according to GOLD severity class. Approximately one-third of the patients in each of the No COPD, GOLD stage I and GOLD stage II COPD severity classes were reported as exercising at least twice a week. The proportion of patients claiming to exercise was less among patients at GOLD stage III and GOLD stage IV. Pulmonary rehabilitation had been prescribed to 5% of all patients. Short-acting β 2 -agonists (SABAs) were used by 47% of patients in the GOLD stage IV group, and by approximately one-third of all other patients. When considered as one class, SABA and/or short-acting anticholinergics were used by 30% of patients in the No-COPD group and by 38%, 39%, 42% and 47% of the GOLD stages I to IV groups, respectively. Between 21% and 38% of the patients in the different groups used long-acting β 2agonists (LABAs). Approximately half of the patients in the GOLD stage III and IV groups were prescribed long-acting anticholinergic agents, compared with approximately one-third of GOLD stage I and II patients. Notably, 38% of GOLD stage I patients and 57% of GOLD stage II patients were prescribed combination therapy (ICS and long-acting bronchodilator). A methylxanthine or N-acetylcysteine was each used by less than 10% of patients with a diagnosis of COPD confirmed by spirometry; use of N-acetylecysteine was reported in a greater percentage (20%) of patients who did not have COPD confirmed with spirometry. Systemic steroids were prescribed during the stable phases of disease to 6% of all COPD patients.
Treatment
Comparison of prescribed medication with recommendations of GOLD
The overall use of long-acting bronchodilators and ICS according to GOLD COPD severity stage assessed centrally from the spirometry provided by GPs is summarised in table 5. Prescriptions that conformed with the GOLD recommendations occurred in approximately two thirds of patients with GOLD stage III and IV COPD, whereas nonconformity was frequent in patients with GOLD stage I and II COPD (69% and 82% of patients, respectively) (table 5 and fig. 1 ). Prescription of ICS (either alone or within combination therapy) in patients who had asthma reported as a comorbidity (see below) occurred with seven patients with GOLD stage I COPD and 44 patients with GOLD stage II COPD. Assessment of these patients, as having had acceptable prescriptions within GOLD stage I and II, suggested acceptable prescriptions to have occurred in 55% of GOLD stage I and 46% of GOLD stage II patients, compared with 65% and 66% of GOLD stage III and IV patients, respectively ( fig. 1 ).
Co-morbidities
Co-morbidities of the patients in the different groups, as reported by GPs, are presented in table 6. Arterial hypertension was the most prevalent co-morbidity and was greatest in the group without COPD. Diabetes also occurred most frequently in the No-COPD group. Co-existence of diagnosed asthma was prevalent, being reported in 32% of patients with GOLD stage I and II COPD and 18% of patients with GOLD stage IV COPD. The highest prevalence of coronary heart disease or chronic heart failure occurred with GOLD stages II and III.
Half of all COPD patients suffering from cancer had lung cancer, which was found in 3-4% of the patients with GOLD stages I to III. No case of lung cancer was recorded at the baseline visit in GOLD stage IV.
Ability to work
Ability to work within employment was reported by patients, or GPs on behalf of the patient, as unrestricted in 52% of patients with GOLD stage I COPD, while 38% were already retired or voluntarily occupying themselves with personal house-keeping at the time of the study. More than half of the patients with GOLD stages II to IV COPD were already retired and, in the COPD stage IV group, only one patient (3% of patients) remained unrestricted in their employment. Mean scoring of ability to work among those that were reported as having restricted ability to work was similar between GOLD severity groups, ranging between 54% (GOLD stage III) and 62% (GOLD stage II).
Discussion
This study had three main findings:
-COPD is often misdiagnosed -Non-pharmacological treatment, such as pulmonary rehabilitation is infrequently considered for the treatment of COPD -Adherence to the pharmacological treatment recommended in the GOLD guidelines is remarkably poor in all COPD groups.
This study asked GPs in Switzerland to recruit patients with COPD. Data from spirometry testing at baseline, when subsequently analysed centrally, identified 44% of the patients recruited not to have overt COPD according to the criteria by GOLD for the mildest form of COPD (GOLD stage I) [5] . One potential cause for the frequent misdiagnosis of COPD may be that many patients were diagnosed prior to the study commencing, according to their respiratory symptoms and their diagnosis was not confirmed with spirometry. Given the fact that the participating GPs are interested in research and studies, the reality of misdiagnosis of COPD in general practice might be even worse. Two studies, one in Switzerland and the other in Germany, indicated that only half of COPD diagnoses, made in general practice in these countries, were made based on spirometric criteria [14, 15] . A study of 632 patients from COPD registers in primary care practices in the UK suggested that spirometry confirmed the diagnosis in 73% of patients diagnosed with COPD, another 15% of patients had normal spirometries and the other 12% had asthma, cardiac failure or restrictive disorders only [16] . Data collected on co-morbidities from our study suggest that many of the patients without COPD, like those with COPD, had co-morbidities which could complicate a diagnosis of COPD from symptoms alone. Notably, one-fifth of these patients without COPD had asthma and nearly one-seventh had cardiac failure.
Symptoms presented by patients in our study were similar between patients with COPD GOLD stage I, II or those having No COPD. For example, 67% of the COPD GOLD stage II patients suffered from coughing, compared with 65% of the No COPD group. Of the COPD GOLD stage I patients, 40% had Medical Research Council (MRC) Dyspnoea Grade 2, which was again comparable to that of 45% of the No COPD patients. These findings further highlight that diagnosis of COPD based on clinical symptoms might be difficult. In this regard, a meta-analysis has suggested that differentiating between asthma and COPD can be challenging due to the overlap in clinical features [17] . Hence, the authors suggested use of lung function testing and other diagnostic modalities (e.g. radiographic imaging) to achieve a correct diagnosis influencing management and prognosis.
The quality of spirometric testing by GPs has been questioned. Schermer et al. showed that FEV 1 values from spirometric testing in a pulmonary function laboratory varied by up to 0.5 L compared with testing in general practices [18] . The reason for the unacceptable quality of spirometry in general practice may be due, in part, to unsatisfactory patient-compliance in spirometry, but also may be due to insufficient training of general practice staff. The EasyOne™ spirometer used in the current study employs ultrasonic time-measurement technology with integrated software for quality control and feedback for the examiner [10] . Using the EasyOne™ spirometer, Leuppi et al. analysed 29000 spirometries in general practice in Switzerland and found that 60% of measurements were of acceptable quality with reproducible spirometry [19] . However, despite considerable effort to improve the quality of spirometry in general practice, further training and education is still required before reliable estimates on the prevalence of COPD can be made. The quality of spirometry provided in this study was not assessed and may have influenced the classification of COPD patients. As this study is ongoing, repeated spirometry will allow us to make further judgement on the quality of our data in the future.
Our data suggest that less emphasis is put on non-pharmacological treatments for COPD than on pharmacological treatment in Switzerland. Only one-third of patients in each of the No-COPD, COPD GOLD stage I and II groups were reported as exercising at least twice a week in our study. Pulmonary rehabilitation was not prescribed to any patient in the GOLD stage I group and was prescriped to fewer than 5% in the GOLD stage II group, compared with 9% of the patients in the GOLD stage III group. Non-pharmacological treatment, such as pulmonary rehabilitation, is recommended [6] . A study from the UK recently showed that patients from all MRC grades benefit statistically significantly in exercise performance from pulmonary rehabilitation [6, 20] .
Approximately 40% of GOLD stage I to III and nearly 50% of COPD stage IV patients used a SABA or shortacting anticholinergic, which, according to the GOLD guidelines, every patient should use as rescue medication when required [6] . Long-acting bronchodilatators or long-acting anticholinergics (LAACs) are recommended for GOLD stage II to IV, when required. Only 56% of the patients forming GOLD stage II to IV had a LAAC or LABA, which have been shown to improve the mean absolute FEV 1 value significantly when compared with placebos, and to reduce exacerbation rates per year [21, 22] , while the combination of these classes of bronchodilator is superior to the single components [22] . ICS or combination therapy (ICS and LABA) are recommended by GOLD for stage III and IV if the patient experiences repeated exacerbations [6] . Despite this, 48% of GOLD stage I and 63% of GOLD stage II patients were prescribed an ICS. Nearly half of the patients in the No-COPD group had an ICS as well. This may partly be due to asthma being a co-morbidity, which was a reported diagnosis in 22% of all patients. Similar findings were reported from the COPD Care Gap Evaluation (Cage) study in Canada [23], from which 63% of the patients with mild COPD were prescribed ICS, and from the Devon primary care audit from the UK [16] , which stated an over-prescription of ICS in 43% of cases. Prescription of ICS is unjustified in patients with GOLD stage I or II COPD and with no diagnosis of asthma since no data currently supports ICS efficacy in these severity stages [24] . Furthermore, use of ICS can have important undesirable side effects. For example, the Towards a Revolution in COPD Health (TORCH) study found a statistically higher incidence of pneumonia in patients receiving fluticasone than in those taking the placebo [25] . A post-hoc analysis of the TORCH study came to the conclusion that age over 55 years, COPD exacerbations in the year prior to the study, high MRC Dyspnoea scores and BMI <25 kg/m² were risk factors for developing a pneumonia when treated with ICS [26].
Systemic steroids are not recommended as long-term therapy for COPD [6] . Nevertheless 5.7% of all patients received systemic steroids in stable disease. Rutschmann et al. suggested that 42% of GPs use oral corticosteroids in stable COPD [14] . Systemic steroid use is associated with several adverse effects such as adreno-cortical suppression that are dose and duration dependent [27] .
Our data suggest that there is considerable deviation from the recommendations for the prescription of medications by GOLD. In total, 41% of patients with COPD confirmed by spirometry were classed as having prescriptions of long-acting bronchodilators and ICS that conformed with the recommended prescriptions in the GOLD guidelines [6] . Considering the prescriptions of ICS for co-morbid asthma, still only 56% of patients were considered to have acceptable prescriptions. These statistics compare well with the CAGE study, in which only 34% of patients had pharmaceutical prescriptions that matched Canadian Thoracic Society Guidelines, using a similar analysis to our own [23].
Moreover, 69% and 82% of patients with GOLD stage I and II, respectively, were classed as having prescriptions inconsistent with the GOLD guidelines, largely due to the use of ICS. Again, consideration of prescriptions of ICS for co-morbid asthma (assuming correct diagnosis) would suggest that these statistics are reduced to 45% in GOLD stage I and 54% in GOLD stage II; however, this still only suggests an adherence to GOLD guidelines in approximately half of these patients. In GOLD stage III and IV, approximately one-third of the patients were classed as not conforming to the GOLD guidelines because of the under-prescription of long-acting bronchodilators or, less frequently, ICS. Despite data reporting a significant reduction in exacerbation rates, improvement of health status and spirometric values shown by administration of ICS to patients with these disease stages [25], 28% of patients with GOLD stage III and 16% of patients with GOLD stage IV did not receive ICS in our study. Long-acting bronchodilators were under-prescribed in one-third of the patients with GOLD stage III and IV. These data are similar to that of the Devon audit, which found that long-acting bronchodilators were under-prescribed in 15-18% of patients in whom they were indicated. Data from the CAGE study suggested non-prescription of long-acting bronchodilators in 51% of patients with severe COPD, which is considerably greater than suggested in our study [16, 23] .
Overall, our data suggest that GPs are not compliant for diagnosing and treating COPD appropriately, according to the GOLD guidelines. The study from which these baseline data were taken aims to investigate whether better compliance to GOLD will result in better outcomes with respect to symptoms, exacerbation rates and overall mortality over a period of 2 years. Whether or not spirometry in primary care is a useful tool remains controversial due to the question of the quality of spirometry. Currently, Siebeling et al. are developing a practical COPD risk-index with a prospective cohort of primary care patients in Switzerland and the Netherlands [28]. This tool should help predict the clinical course of COPD patients with GOLD stages II to IV and, therefore, enable GPs to select treatment based on a patient's prognosis. Further studies on the best mode of diagnosis and treatment in COPD are required.
Conclusion
The present study assesses the management and treatment of COPD by Swiss GPs. The study demonstrates that respiratory symptoms are often misdiagnosed as COPD and treated inappropriately. Lack of knowledge of disease definitions may underlie these failings, since spirometric testing was obligatory in this cohort. The frequent misdiagnosis in general practice could make data on prevalence of COPD from general practice less reliable. The recommendations for pulmonary rehabilitation were seldom followed. Furthermore, poor adherence to the GOLD guidelines for pharmaceutical treatment of COPD was suggested. This was mostly due to prescription of ICS in mild COPD, which may have been justifiable in some cases due to co-morbid asthma. Bronchodilators were under-prescribed in 44% of patients. Further improvements on adherence to diagnosis and treatment guidelines within primary care are required.
Participating cantons were: Aargau, Appenzell-Ausserrhoden Basel Stadt, Basel Land, Bern, Fribourg, Glarus, Graubünden, Jura, Luzern, Neuchatel, Nidwalden, Obwalden, St. Gallen, Schaffhausen, Schwyz, Solothurn, Thurgau, Uri, Wallis, Zug, Zurich.
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Figure 1
Non-conformity to GOLD guidelines. Abbreviations: GOLD: Global Initiative for Chronic Obstructive Lung Diseases; ICS: inhaled corticosteroid. * Considering ICS prescription for co-morbid asthma
